Abstract. In Poland, biomass is still considered as the basic source of renewable energy. Energy from biomass accounts for 15 % of global energy consumption, while in developing countries this share is higher. The main advantage of biomass is lower emissions of sulphur dioxide during combustion compared to fossil fuels. The main sources of biomass for production of low-processed solid biofuels, such as bales or chips and high processed pellets or briquettes, are plantations of energy plants. Energy plant species, possible to use as a raw material for the production of biofuels, are plants characterized by a high annual growth, resistance to diseases and pests, small habitat requirements and adaptation to the Polish climatic conditions. The paper presents the physico-chemical properties of coconut shells in terms of their energetic use. The results obtained are: humidity (9.4 %), calorific value (17308.68 J·g -1 ), low ash content (0.66 %) and volatile content (77.7 %) are comparable to those of biofuels available on the market. The work was also carried out to assess the effect of the shredding degree and the applied agglomeration pressure in the briquetting process on the quality characteristics of the obtained briquettes. For briquetting the raw materials the POR ECOMEC Junior Press was used. Tests were conducted for particulate matter on 8 and 12 mm sieves and for agglomerate pressure of 37 and 47 MPa. The obtained results showed that proper granulation of the raw material and application of appropriate agglomeration pressure improve the qualities of the briquettes.
Introduction
Biomass is one of the main sources of renewable energy in Poland, and the conversion of any form of biomass into electrical, mechanical or thermal energy is commonly used in power plants and by individual recipients. The term biomass is characterized by a broad definition, which according to the Act of 20 February 2015 of renewable energy sources is understood as a substance of animal or vegetable origin that is biodegradable, comes from residues, waste or agricultural or forestry products, as well as industry dealing with its processing. The definition also covers cereal grains that do not meet the quality requirements in the intervention purchase or are not subject to such a purchase. Biodegradable municipal and industrial waste of animal or vegetable origin, as well as waste generated as a result of water treatment, wastewater treatment or as residue after processing other wastes, have also been classified as biomass.
The biomass potential in Poland is mainly based on biofuels with agricultural origin from the western and northern parts of Poland and biogas from animal waste originating from the northern parts of the country. According to the European Renewable Energy Center, the amount of straw surpluses available for energy use is about 7.84 million tons per year, while the technical potential of wood with its remnants from forests and orchards is 8.81 million tons [1; 2] .
According to the Central Statistical Office [3] , in Poland domestic renewable energy sources were solid biofuels (72.22 %), liquid fuels (10.78 %) and wind energy (10.76 %). The share of other carriers was definitely smaller and closely related to various climatic and geographical conditions as well as real technical potential.It is worth noting that solid biofuels are also a fundamental carrier in the production of heat from RES (96.42 %) and one of the main in the production of electricity (39.79 %) in 2015.
Biomass from energy plantations, as well as waste from plant origin can be used in many ways in energy terms. One of the most common methods of biomass processing is its direct combustion in special boilers or co-firing with unconventional energy carriers [4] [5] [6] [7] [8] [9] [10] [11] .The choice of the appropriate technology for biomass burning is strictly dependent on its parameters (chemical composition, ash content, volatiles, moisture, calorific value) and the form of fuel, in which it was previously processed. There are many installations of different power on the market, and among them two main combustion methods should be specified: combustion in bed, layer or stationary pile and combustion of biomass particles suspended or blown directly from the bottom, top or front to the boiler.Fuel can be fed continuously or in the form of disposable portions (non-continuous).In order to burn clean biomass, special boilers and furnaces are most often used, the method of use of which and the efficiency obtained are closely related to the type and quality of the combusted biofuel [12] [13] [14] [15] .
The pressure agglomeration of plant materials is the process of thickening and consolidating the comminuted raw material under the influence of internal and external forces, the final product of which is agglomerate of a specific geometric form. On the industrial scale, the most common agglomeration methods are granulation and briquetting processes, which are mainly used in the production of industrial fodder, ecological fuel as well as in the chemical, mining or food industry, where they are most often a component of uncomplicated technological lines with low efficiency. However, they are becoming more and more popular in wood and forest plants as well as in farms [16] [17] [18] .
The purpose of the work was to determine the impact of the degree of coconut shell refinement and agglomeration pressure on the qualitative characteristics of the obtained briquette (specific density, durability).
The scope of the work included acquiring raw material from units dealing in coconut processing. The next step was to conduct research to assess the energy potential of the shell.
Materials and methods
Coconut palm is a light-loving plant, which requires humidity of 70-89 %, regular rainfall of 75-100 cm per year and average daily temperatures of not less than 12 °C on each day of the year. Low temperatures or no precipitation inhibit plant growth, which in this case does not bear fruit [19] . Coconut palm grows on sandy and salty beaches, which is why it grows mainly on coastal coasts. Its fruit is coconuts weighing about 2.5 kg.
The largest producer of coconut in the production of goods is Philippines, which cover about 40 % of annual production in the world. Coconuts from these regions are mainly exported to the USA. The next country is Indonesia covering over 21 % of world production and India with production at the level of about 0.7 million tons. These countries together with Sri Lanka, Malaysia and New Guinea are the source of coconut in Europe [20] .
Annually, about 75 nuts are obtained from coconut palms, which are processed for cosmetic or food purposes.. An innovative product on the Polish market is the production of coconut husk briquettes, which is a waste in the production of cosmetics and food.
The preparation of the analytical sample was carried out in accordance with the instructions contained in the PN-EN 14780: 2011 standard. In order to get acquainted with the energy potential of the shell in the first stage its physical and chemical properties were determined. Then the raw material was processed -crumbled and briquetted, and the resulting product was subjected to a quality assessment.
The research material was ground on two 8 and 12 mm working sieves to investigate the impact of the raw material fragmentation on the quality of the obtained briquettes in the agglomeration process. To determine the degree of fragmentation, the bulk density and granulometric composition were determined. In order to evaluate the pressure of the agglomeration process, the strength test of briquettes was carried out and their specific density was determined.
The measurements were made according to the diagram presented in Figure 1 . The coconut shell briquetting process was performed using a briquetting press POR ECOMEC model Junior. The product of work is a briquette with a diameter of approx. 50 mm and a length dependent on the bulk density of the raw material (the smaller it is, the smaller portion of the raw material is fed into the pre-compaction chamber, and the resulting briquette is characterized by smaller length and vice versa).The briquetting machine POR ECOMEC has the possibility of regulating the working pressure in the thickening chamber. When the pressure in the hydraulic system changes, the forces that affect the piston rod change, which also affects the working pressure in the thickening chamber. The hydraulic pressure of the press is regulated by means of a hydraulic regulator and read on the manometer. 
Results and discussion
Coconut husks have a moisture content of 9.4 ± 0.9 %, which is a permissible value in the standards. This value also does not differ from the classic biofuels available on the market, the maximum moisture content of which is between 17-18 %.
The next parameter was the content of volatile parts. It has a significant impact on the assessment of the usefulness of coconut shells for energy use is at the level of 77.68 ± 0.59 %.
High content of volatile parts in this case may mean that burning the unprocessed shell will result in a large flame and the need to bring an additional amount of air -for smokeless and complete combustion. It is worth emphasizing that this is a characteristic value for plant biomass, for which the content of volatile parts is in the range of 65-80 % [12] .
Ash content in the coconut shell did not exceed 1 % and fluctuated within 0.66 ± 0.109 %. This value, compared with the classic solid biofuels, turns out to be one of the lowest, biomass has an ash content of 2 %, whereas for agromass it is 4-5 %.The low ash content in the coconut shell turns out to be its great advantage, which increases its attractiveness among typical solid biofuels.
The calorific value and the heat of combustion in the analytical and working state have the same value -17308.68 J·g -1 and 18837.00 J·g -1 , respectively. This means that the fuel in the operating condition, which corresponds to the state in which the fuel is extracted, loaded and usable, does not differ from its properties in the analytical state, i.e. in a state of equilibrium with the surrounding atmosphere. It can be treated as an advantage of the shell and considered as a base for comparison with other solid biofuels.
The process of coconut grinding was carried out using two sieves with hole diameters of 8 and 12 mm, respectively. The bulk density tests were carried out for the two fractions of the raw material thus obtained and measurement of the granulometric composition. Twice the bulk density measurement for the above mentioned shell fraction in favor of the raw material on a sieve with a diameter of 8mm and amounts to341.5 ± 4.94 kg·m -3 , or a 12 mm screen, it is312.5 ± 4.24 kg·m -3 . It is also a relatively high value compared to wood chips, the bulk density of which is within limits 250-280 kg·m -3 .
The measurement of the granulometric composition was based on the use of two sieves with a diameter of 8 and 12 mm. As shown in Figure 2 , the largest group (25 %) is crushed raw material in sieves with a hole diameter of 8 mm. The use of sieves with larger diameter holes result in a decrease in the share of the fraction 22 %.
Fig. 2. Grain size distribution of raw material depending on sieve diameter
The mechanical durability of coconut husk varies depending on the agglomeration pressure used and its fragmentation. The best value is represented by fractions with a fragmentation of sieves with a diameter of 8 mm and a pressing pressure of 47 MPa and amounts to 96.8 %.The smallest durability is distinguished by the fraction resulting from cross-cutting on 12 mm screens and the agglomeration pressure of 37 MPa and is 92.1 %. However, this is a satisfactory value comparable with other solid biofuels, for which the mechanical strength oscillates within 95 % for wheat straw also minced on sieves with a diameter of 8mm [21] [22] [23] .
In connection with the above, it can be concluded that a lower degree of fragmentation and a higher pressure of the agglomeration increase the mechanical durability of the shell.
Fig. 3. Mechanical durability depending on sieve diameter
The specific density of the obtained briquettes increases with increasing the agglomeration pressure and a higher degree of shell fragmentation. The largest value, as in the case of mechanical durability, refers to the fraction with fragmentation on sieves with a diameter of 8 mm and the The results referred to the literature data show that the briquettes produced have a relatively good density, which is important in the logistic aspect.
Fig. 4. Specific density depending on sieve diameter
In summary, the resulting granules of coconut shells in the form of briquettes are characterized by good quality. The obtained results indicate that they are similar to the values of classic solid biofuels used for many years on the energy market.
Conclusions
1. Assessment of the physico-chemical properties of coconut shells allows to state that they can be used for energy purposes.This is supported by the parameters such as: humidity (9.4 %), calorific value (17308.68 J·g -1 ), low ash content (0.66 %) and volatile content (77.7 %).These values are comparable to the biofuels available on the market. 2. The degree of crumbling of coconut shell and the pressure of agglomeration affect the quality parameters of the obtained briquettes. With greater fragmentation of the raw material and the compaction pressure, the briquette is characterized by better durability and density. The highest mechanical durability (96.8 %) and specific density (976.4 kg·m -3 ) were characterized by ground granulate on sieves with a diameter of 8 mm using a pressure agglomeration equal to 47 MPa, while the worst properties (92.1 % and 894.5 kg·m -3 ) occurred in the application of a lower agglomeration pressure (37 MPa) and fragmentation in sieves with a hole diameter of 12 mm. 3. The analysis of the conducted tests allows to conclude that proper preparation of the raw material -crushing coconut shells and applying the appropriate agglomeration pressure may improve the quality parameters of the obtained briquettes.
